Objective The associations between atrial fibrillation (AF) or complete right bundle branch block (RBBB) and other laboratory tests have not been examined sufficiently in healthy populations. Methods These associations were examined with multivariable logistic regression analyses using data from 6,381 apparently healthy subjects including 46 subjects with AF and 100 subjects with RBBB. Results The mean age, body mass index (BMI), hemoglobin, the prevalence of male sex and a history of coronary heart disease (CHD) were significantly higher in subjects with AF or RBBB than without. The odds ratio (OR) (95% confidence interval (CI)) of AF was 1.62 (1.28-2.05) p<0.0001 for each 1 g/dL increment of hemoglobin and 1.07 (0.36-3.21) p=0.90 and 4.32 (1.29-14.43) p=0.017, respectively for the second and the third tertiles of hemoglobin compared with the first tertile after adjusting for sex, age, BMI, CHD, and other confounding covariates. The OR (95% CI) of RBBB was 1.53 (1.32-1.77) p<0.0001 for each 1 g/dL increment of hemoglobin and 2.53 (1.06-6.00) p=0.036, 3.10 (1.12-8.61) p=0.030, and 4.03 (0.91-17.82) p=0.066, respectively, for the second, third, and fourth quartiles of hemoglobin compared with the first quartile after adjusting for sex, age, BMI, CHD, and other confounding covariates. Conclusion An increased blood levels of hemoglobin was independently associated with AF and RBBB after adjusting for sex, age, BMI, CHD, and other confounding covariates in apparently healthy subjects.
Introduction
Atrial fibrillation (AF) is the most common arrhythmia encountered in clinical practice, accounting for approximately one third of all hospitalizations for cardiac rhythm disturbances (1) . The prevalence of AF increases with age, reaching as high as 9% in octogenarians in the US (2, 3) . AF is associated with an increased risk of stroke, heart failure, and all-cause mortality, especially in females (1) . The mortality rate of patients with AF is higher than that of patients in normal sinus rhythm and is linked to the severity of underlying heart disease (2, 3) . The prevalence of complete right bundle branch block (RBBB) also increases with age (4) . Although RBBB can indicate the presence of an underlying heart or lung disease, if a thorough evaluation reveals no such medical condition, then the RBBB is likely benign (5) . However, some studies have indicated that, compared with control subjects, patients with RBBB had more sudden death and deaths from unknown causes (6) . The right bundle branch is susceptible to damage and stretching whenever the right ventricle is placed under stress of any kind, including that induced by coronary heart disease (CHD), myocarditis, atrial septal defects, ventricular septal defects, valvular heart disease, and any lung disease that causes pulmonary hypertension.
In this study, we examined the associations between AF and RBBB with other laboratory test parameters in 6, 381 apparently healthy males and females because these associations have not been examined sufficiently in previous studies.
Materials and Methods

Subjects
Between April 2008 and March 2009, 7,568 male and female subjects underwent electrocardiography (ECG) at our Medical Check-up Center for general health screening. Of them, 6,381 subjects who filled out a questionnaire including questions about their history of stroke and CHD, smoking status, and antihypertensive, antidiabetic, and antihypercholesterolemic medications and whose hemoglobin levels were measured were enrolled in the present study. This study was approved by the ethics committee of the Tachikawa Medical Center.
Measurements
AF was diagnosed by the replacement of consistent P waves with rapid oscillations or fibrillatory waves that varied in amplitude, shape, and timing, which were associated with an irregular, frequently rapid ventricular response (7) , and RBBB was diagnosed when the QRS duration was 120 msec or longer in any two standard leads, the S duration was 40 msec or longer in Lead I, and R' or qR was present in the V1 or V2 lead (8) .
After an overnight fast, blood samples were obtained to measure the blood levels of routinely evaluated laboratory values: plasma glucose, triglycerides, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, hemoglobin (Hb) A1c, blood cell counts, and liver and kidney function tests. The simple qualitative urinalyses were performed with test papers. The chemical measurements were all performed at BML Nagaoka (Nagaoka, Japan) using routine laboratory methods, and the LDL cholesterol was measured with a direct surfactant method using Choletest-LDL (Sekisui Medical Inc., Tokyo, Japan). In 311 subjects whose LDL cholesterol was not directly measured and whose triglycerides were lower than 400 mg/dL, the LDL cholesterol was calculated using the Friedewald equation (9) . The estimated glomerular filtration rate (GFR) was calculated as the estimated GFR (mL/min/1.73 m 2 )=194× creatinine -1.094 × age -0.287 in males, and 194× creatinine -1.094 × age -0.287 ×0.739 in females according to the recommendation from the Japanese Society of Nephrology (10) . Respiratory function tests including the percent vital capacity (%VC) and forced expiratory volume in 1 second (FEV1) divided by the forced vital capacity (FVC) (FEV1/FVC), were measured with Autospirometer System 7 (Minato Medical Science, Osaka, Japan). An average systolic blood pressure (SBP) and diastolic blood pressure (DBP) was calculated from two measurements taken with the subjects in a sitting position after a 5 min rest period. The body weight was measured with the subjects wearing light clothes provided by our center and the weight of the clothing was subtracted from the measured body weight. The body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters.
Statistical analysis
The non-adjusted background and laboratory data were compared between subjects with and without AF or RBBB. A stepwise multivariable logistic regression was performed using the AF or RBBB as a dependent variable and the sex, age, BMI, SBP, HDL cholesterol, LDL cholesterol, fasting glucose, HbA1c, leukocyte count, hemoglobin, platelet count, liver function test results, proteinuria, estimated GFR, %VC, FEV1/FVC, smoking status, antihypertensive medication, antidiabetic medication, antihypercholesterolemic medication, history of stroke, and history of CHD as covariates in 3,996 subjects who had all the above data including 34 subject with AF and 69 subjects with RBBB. About 40% of the subjects lacked some laboratory data included in the above analysis. Therefore, another stepwise multivariable logistic regression was performed using AF or RBBB as a dependent variable and the sex, age, BMI, SBP, hemoglobin, smoking status, antihypertensive medication, antidiabetic medication, antihypercholesterolemic medication, history of stroke, and history of CHD as covariates in 6,379 subjects who had all the above data including 46 subjects with AF and 100 subjects with RBBB. An exclusion criterion of p> 0.1 was used in the stepwise regressions. The hemoglobin levels were divided in tertiles and quartiles. The odds ratios (ORs) of AF for the second and the third tertiles of hemoglobin compared with the first tertile and the ORs of RBBB for the second, third, and the fourth quartiles of hemoglobin compared with the first quartile were calculated after adjusting for sex, age, smoking status, the three types of medications, and histories of stroke and CHD. The statistical analyses were performed using the Dr SPSS-2 software program (SPSS Japan Inc., Tokyo, Japan). Means were compared with two-sided t-tests, ratios were compared with chisquared tests. Values of p<0.05 were considered to be statistically significant.
Results
The means of the laboratory data and the prevalence of male sex, current smoking, a history of CHD or stroke, use of antihypertensive medication, antihypercholesterolemic medication, and antidiabetic medication stratified by AF are presented in Table 1 . Among the 6,381 subjects evaluated, 46 had AF. Some subjects lacked some laboratory data. The mean age, BMI, triglycerides, hemoglobin, and aspartate aminotransferase level, and the prevalence of male sex, a history of stroke, history of CHD, and use of antihypertensive medication were significantly higher in subjects with AF than in those without. The mean HDL cholesterol, alanine aminotransferase, platelet count, %VC, and FEV1/ FVC were significantly lower in subjects with AF than those without. The means of laboratory data and the prevalence of male sex, current smoking, a history of CHD, a history of stroke, and use of antihypertensive, antihypercholes-terolemic, and antidiabetic medication stratified by RBBB are presented in Table 2 . Among the total of 6,381 subjects, 100 subjects had RBBB. Some subjects lacked some labora- 0.012 * with a stepwise logistic regression using AF or RBBB as a dependent variable and sex, age, body mass index, systolic blood pressure, hemoglobin, smoking status, antihypertensive medication, antidiabetic medication, antihypercholesterolemic medication, history of stroke, and history of coronary heart disease as covariates in 6,379 subjects who had all the above data using exclusion criteria of p > 0.1 in stepwise regression tory data. The means of age, BMI, SBP, DBP, fasting glucose, HbA1c, hemoglobin, and leukocyte count and the prevalence of male sex, a history of CHD, use of antihypercholesterolemic medication, and use of antidiabetic medication were significantly higher in subjects with RBBB than in those without. The mean platelet count and FEV1/FVC were significantly lower in subjects with RBBB than those without.
The final results of the stepwise multivariable logistic regression analyses of 3,996 subjects are presented in Table 3 . The odds ratio (OR) (95% confidence interval (CI)) of AF was 1.67 (1.25-2.25) p=0.0006 for each 1 g/dL increment of hemoglobin, 1.10 (1.06-1.14) p<0.0001 for each 1 year increment of age, 8.71 (3.59-21.13) p<0.0001 for a history of CHD, 0.96 (0.93-0.99) p=0.0059 for each 1% increase in the %VC, 1.17 (1.04-1.31) p=0.0083 for each 1 kg/m 2 increase in BMI, 0.20 (0.05-0.74) p=0.016 for the use of antihypercholesterolemic medication, 4.04 (1.29-12.70) p=0.017 for proteinuria, and 0.9999 (0.9994-1.0000) p=0.039 for each 1 count/L -6 increase in the leukocyte count. The OR (95% CI) of RBBB was 1.58 (1.31-1.91) p<0.0001 for each 1 g/dL increment of hemoglobin, 1.04 (1.02-1.07) p=0.0017 for each 1 year increment of age, and 2.33 (1.28-4.21) p= 0.0054 for the use of antihypercholesterolemic medication.
The final results of the stepwise multivariable logistic regression analysis in 6,379 subjects are presented in Table 4 . The OR (95% CI) of AF was 1.62 (1.28-2.05) p<0.0001 for each 1 g/dL increment of hemoglobin, 1.12 (1.09-1.16) p< 0.90 0.017 * adjusted for sex, age, smoking status, antihypertensive medication, antidiabetic medication, antihypercholesterolemic medication, history of stroke, and history of coronary heart disease Figure 1 . The odds ratios (95% confidence interval) of AF for the second (T2) and the third (T3) tertiles of hemoglobin compared with the first tertile (T1) adjusted for sex, age, smoking status, use of antihypertensive medication, antidiabetic medication, antihypercholesterolemic medication, and histories of stroke and coronary heart disease (see Table 5 for the numerical data). 0.0001 for each 1 year increment of age, 13.78 (6.85-27.72) p<0.0001 for a history of CHD, 0.22 (0.08-0.62) p=0.0041 for the use of antihypercholesterolemic medication, and 1.15 (1.04-1.27) p=0.0052 for each 1 kg/m 2 increase in the BMI. The OR (95% CI) of RBBB was 1.53 (1.32-1.77) p<0.0001 for each 1 g/dL increment of hemoglobin, 1.05 (1.03-1.07) p<0.0001 for each 1 year increment of age, and 2.43 (1.22-4.87) p=0.012 for a history of CHD.
The OR (95% CI) of AF for each upper tertile of hemoglobin compared with the first tertile are shown in Table 5 and Fig. 1 . The OR (95% CI) of AF was 1.07 (0.36-3.21) p=0.90 and 4.32 (1.29-14.43) p=0.017, respectively for the second the third tertiles of hemoglobin. The OR (95% CI) of RBBB for each upper quartile of hemoglobin compared with the first quartile are shown in Table 6 and Fig. 2 . The OR (95% CI) of RBBB was 2.53 (1.06-6.00) p=0.036, 3.10 (1.12-8.61) p=0.030, and 4.03 (0.91-17.82) p=0.066, respectively for the second, the third, and the forth quartiles of hemoglobin.
Discussion
In the present study, we demonstrated that increased blood levels of hemoglobin were independently associated with AF and RBBB after adjusting for sex, age, and other confounding covariates in apparently healthy subjects. To the best of our knowledge, there has been no study showing an independent association between increased hemoglobin levels and AF or RBBB.
In the univariate analysis, male sex, age, BMI, SBP, DBP, HDL cholesterol, triglycerides, fasting glucose, HbA1c, hemoglobin, the leukocyte count, proteinuria, %VC, FEV1/ FVC, and a history of CHD were significantly associated with AF or RBBB. These associations suggest that there is association of AF and RBBB with metabolic syndrome (11), CHD, diabetes, chronic kidney disease, and chronic lung disease. However, the independent associations of AF and RBBB with increased hemoglobin levels are not sufficiently explained by these contexts. In patients with a failing heart, AF or RBBB leads to deleterious effects on the hemodynamics, although neither of them is usually associated with overt compromising effects on the hemodynamics in subjects with a normal heart if the heart rate is controlled in the case of AF. However, even in subjects with a normal heart, there may be some subclinical hemodynamic effects of AF or RBBB on the systemic organs, because ventricular pump performance may be adversely affected by the lack of atrial kick in AF and the asynchronous contraction of the ventricles in cases of RBBB. A possible effect of subclinical tissue hypoperfusion on systemic organs may be a hypoxic stimulus, which increases the synthesis and release of erythropoietin (EPO) (12, 13) . Erbayraktar et al. reviewed the evidence that EPO and its receptor function as a paracrine/autocrine system to mediate the protection of tissues subjected to metabolic stress (14) . Thus, a possible explanation for the associations between AF or RBBB and the increased levels of hemoglobin is that increased blood levels of hemoglobin may reflect increased erythropoiesis which results from subclinical tissue hypoperfusion caused by AF or RBBB in an apparently normal heart. In contrast, patients with chronic heart failure are frequently anemic despite elevated endogenous EPO levels due to EPO resistance which results from impaired EPO-induced signal transduction (15) and a suppression of erythropoiesis by heart failure-related inflammation (16) . EPO induces positive inotropic and lusitropic effects in the murine and human myocardium (17) . The increased blood levels of EPO and hemoglobin with an intact EPO signaling cascade may compensate for the subclinical adverse hemodynamic effects of AF or RBBB and prevent the development of overt heart failure together with other compensatory mechanisms such as the reninangiotensin-aldosterone system and autonomic nervous system in apparently normal heart.
Another explanation for the associations between AF or RBBB and hemoglobin is that hypoxia of unknown origin may simultaneously stimulate erythropoiesis and depress the conductivity of the heart (18, 19) and ultimately bring about AF or RBBB. Hypoxia may results from chronic lung dis- Table 6 for the numerical data). ease, which may predispose to AF or RBBB as a result of pulmonary hypertension. However, in the present study, the age-and sex-adjusted partial correlation coefficients between hemoglobin and the %VC or FEV1/FVC were 0.0091 (p= 0.55) and -0.022 (p=0.15), respectively, which indicates that there are no significant associations between hemoglobin and the respiratory function, although we did not measure the pulmonary arterial pressure. Alternatively, there may be some unknown molecular cross-talks between erythropoiesis and the conductivity of the heart (20) . Furthermore, it may be possible that erythropoiesis is a cause of AF and RBBB, not a result. Elevated hemoglobin levels causing high blood viscosity might increase the cardiac work load and subsequent right ventricular expansion and left atrial dilatation leading to RBBB and AF.
Although the exact mechanisms are unknown, the present study provides the first evidence that there are independent associations between AF and RBBB and increased blood levels of hemoglobin in apparently healthy subjects. Electrocardiography should therefore be recommended for asymptomatic subjects found to have increased hemoglobin levels during health screening examinations.
The present study was a cross-sectional study and the number of subjects was relatively small. Thus, the causeeffect relationships between AF or RBBB and the hemoglobin levels were not known, and the conclusion was hypothetical. The above discussion was based on speculation, because the EPO levels, blood oxygen concentrations, tissue perfusion data, and other relevant tests regarding the mechanisms underlying the association were not performed in the present study. Future studies are required to elucidate the cause-effect relationship and the mechanisms underlying the association between AF or RBBB and the hemoglobin levels in apparently healthy subjects.
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